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Introduction: One of the mgjor goas of cos
moshemistry is to reconcil e the inferred abundances of
the roughy ten well-established extinct radioadivities
with appropriate models of Galadic chemicd evolution
and Solar-System formation. It is certainly expeded
that short-lived spedes were present in the ealy Solar
System due to ongoing Galadic nucleosynthesis. The
difficulty isthat the @undances inferred from the me-
teorites do not match those expedations. For example,
the meteoritic ébundance of °Al is ~10" times higher
and the ebundance of **9 is ~10? times lower than the
values expeded from ongoing nucleosynthesis, while
*Mnisin line with those expedations[1].

Meyer and Clayton [1] developed a general picture
based on these notions for the ten short-lived radioac-
tivities *°Al, *Cl, “'Ca, **Mn, *%Fe, 9Pd, **°Sm, 1#2Hf,
and *Pu. In that picture, >*Mn and ***Sm are under-
stood as (at least in significant measure) products of
Type la supernovae which maintain a steady supply of
these isotopes. The low abundance of the r-process
products *°’Pd, *?%, and #*Pu is due to the separation
time between the last r-process event contributing to
the solar system and the birth of the Sun. The high
abundance of *°Al, *cCl, “'Ca, and ®Fe relative to ex-
pedations from ongoing Galadic nucleosynthesis is
due to additional formation of this isotope shortly be-
fore meteorite formation, either by injedion from a
neaby supernova or AGB star that tiggered coll apse of
the solar cloud or by irradiations from energetic parti-
cles from the ealy Sun. Meyer and Clayton favored
injedion of the last four isotopes from the outer layers
of an exploding massve star. '®°Hf was the difficult
isotope to reconcil e in this picture becaise, althoughan
r-process edes, its abundanceis in agreement with a
steady-state supply in the interstellar medium. Injec-
tion along with 2°Al and **Ca was proposed to acmunt
for its relatively high abundance

Injection from a Massive Star: New stellar mod-
els are now beaoming avail able to study the posshility
of injeding *®Hf into the ealy solar cloud (e. g., [2]).
We have used the output from such a model to under-
stand the injection of *8?Hf. In particular, the yields
from a model of an explosion of an initially 25 solar
mass s$ar (kindly provided by S. E. Woodley) were
analyzed in a fashion similar to that in [1]. In particu-
lar, Figure 1 shows the result of injeding portions of
the model that lie exterior to the mass cut (absciss)
into a one solar mass proto-solar cloud. For eadh
choice of masscut, we imagine enough stellar material

is injedted to explain 2°Al at its canonicd value of
Al/77Al = 5 x 10°. Typicdly this requires ~10* of
the total geda. Shown are the aundances of the
short-lived radioadivities °Al, “'Ca, *°Fe, *'Pd, '™,
and '®Hf that would be injeaed relative to their in-
ferred abundances at the time of meteorite formation.
The @undances for the short-lived spedes were taken
from [3]. A deca interval of 0.9 Myr was taken to
acount for the travel time from the supernova to and
incorporation into the solar cloud.

Figure 1

As is evident, injeding matter exterior to ~7 solar
mases is able to acount for al of these spedesin the
ealy solar nebula. Meyer and Clayton, motivated by
Cameron and collaborators [4], discussed passble rea-
sons for the existence of an injedion mass cut (at 7
solar masss): 1) only the massoutside 7 solar masses
escgpe fall badk into a blak hole or 2) Rayleigh
Taylor fingers formed at the doud-supernova shocked
metter interface readed down only to the injedion
mass cut an drew this matter into the solar cloud. Al-
ternatively, the isotopes may have been implanted into
dust grains formed further inside the supernova ad
then shot into the solar cloud. These isaues will need
further investigation.

Discussion: A recent paper has down that hi-
bonite grains that apparently had live *°Be (presumably
produced by particle irradiations) do not show evi-
dence for having hed live *'Ca [5]. This siggests that
“ICa was injeded from a massve star. Figure 1 then
strongly suggests that such an injedtion also necessarily
provided the ealy solar nebula with the observed *82Hf
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abundance, as well as that of 2°Al, *Cl (not shown in
Figure 1 but in agreement—see[1]), ®°Fe, **Pd, and
129 No *Mn, ***%sm, or ***Pu would have been in-
jeded becaise they come from deeper inside the star.
Only if the injedtion is immediate, when the *'Ca aun-
dance is much higher than at 0.9 Myr as in Figure 1,
does it appea posshble to injea “'Ca without injeding
an appropriate anourt of *8Hf. If this happened, how-
ever, the anourt of *'Ca injected would be too high
relative to 2°Al.

The injected amourts of *%Fe and *°’Pd are perhaps
too high to also acommodate the *’Ca and *®°Hf, but
nuclea physics isales may come into play here. The
nuclea isomer in *°’Pd neads particular attention since
it will affea the *°Pd beta decay during stellar evolu-
tion and the explosion. We ae aldresding this point
with the tools we developed for 2°Al [6]. As for %Fe,
we ae investigating the dependence of its yield on the
neutron-capture aoss ®dion and beta-decay rate of
*Fe. We ae dso investigating the role of the initial
metalli city on the @undances, though this sould pro-
duce no more than afador of two effed.

Finaly, it should be dea that the picture devel-
oped here does not require that the r processbe respon-
sible for the bulk of the live *°Pd, *2%, and *®Hf in the
ealy solar nebula. If true, this would ohviate the need
for two distinct types of r processes (one producing 24
and one producing *®°Hf), thoughit would not predude
such ascenario.
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